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Abstract 
Introduction 
Several studies demonstrated that simulator-acquired skill transfer to the operating room is 
incomplete. Our objective was to identify trainee characteristics that predict the transfer of 
simulator-acquired skill to the operating room. 
Methods 
Trainees completed baseline assessments including intracorporeal suturing (IS) performance, 
attentional selectivity, self-reported use of mental skills, and self-reported prior clinical and 
simulated laparoscopic experience and confidence. Residents then followed proficiency-based 
laparoscopic skills training, and their skill transfer was assessed on a live-anesthetized porcine 
model. Predictive characteristics for transfer test performance were assessed using multiple linear 
regression. 
Results 
Thirty-eight residents completed the study. Automaticity, attentional selectivity, resident 
perceived ability with laparoscopy and simulators, and post-training IS performance were 
predictive of IS performance during the transfer test.  
Conclusions 
Promoting automaticity, self-efficacy, and attention selectivity may help improve the transfer of 
simulator-acquired skill. Mental skills training and training to automaticity may therefore be 
valuable interventions to achieve this goal. 
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Short Summary 
The transfer of simulator-acquired surgical skill to the clinical environment is incomplete, thus, 
the purpose of the current study was to assess which trainee characteristics predict the transfer of 
simulator-acquired laparoscopic skill to the operating room. Residents’ automaticity, perceived 
ability in laparoscopic surgery and perceived ability on simulators, and attentional selectivity 
predict transfer of simulator-acquired suturing skill to suturing performance on a live porcine 
Nissen model. Mental skills training and training to automaticity may ensure the more complete 
transfer of trainees’ simulator-acquired skill to the clinical environment.
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Introduction 
Surgical education has significantly changed in the last 20 years, as duty hour restrictions have 
led to reduced operative exposure and diminished autonomy for surgical residents.1,2 Residents 
are afforded fewer opportunities to develop technical skill than previous generations of surgeons. 
Surgical simulation training has emerged as a potential method to afford surgical trainees an 
opportunity to develop surgical skills in a safe environment. A recent literature review on the 
various applications of surgical simulation affirms that simulation-based surgical skills training 
promotes robust skill acquisition for trainees.3  
Given this existing need and benefits provided by simulation medical schools and 
surgical departments have readily adopted surgical simulation training programs with medical 
students and residents.4,5 However, several studies demonstrated that in spite of meeting requisite 
expert-level proficiency benchmarks in the simulation environment, the transfer of simulator-
acquired skill to the clinical environment is incomplete.6,7 Additional research in this area has 
identified that the clinical environment may cause increased stress which prevents the complete 
transfer of simulator-acquired skill.8  
Mental skills are psychological techniques that enable performers to optimize practice 
and performance in on-demand situations, can be utilized to manage stress and attention during 
practice and performance.9 The use of such skills that may help diminish their stress and 
optimize their performance may, thus, predict surgery residents’ ability to perform in challenging 
and stressful performance situations. Specifically, mental imagery, which is synonymous with 
mental rehearsal or mental practice, refers to an individual’s ability to mentally create or recreate 
an experience in the absence of physical stimuli.10 Previous research has demonstrated that 
mental imagery use is associated with enhanced surgical performance through greater surgical 
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skill acquisition and performance, confidence, knowledge, and teamwork.10 Also, attentional 
selectivity refers to one’s ability to concentrate on task-relevant stimuli and disregard task-
irrelevant stimuli, and surgeons’ ability to selectively attend to relevant stimuli may be indicative 
of expertise.11 
The purpose of the current study was to identify baseline trainee characteristics that 
predict simulator-acquired skill transfer to the clinical environment.  
Methods 
Data from voluntary General Surgery and Obstetrics and Gynecology residents who previously 
participated in an Institutional Review Board-approved randomized controlled study12 across two 
institutions (Indiana University School of Medicine, Indianapolis, IN and Carolinas HealthCare 
System, Charlotte, NC) was analyzed.  
Baseline Testing 
Following informed consent, residents completed a baseline testing battery including their 
demographic characteristics, mental skills use, attention, trait and state anxiety, and laparoscopic 
performance (Fig. 1). Participants also reported their previous laparoscopic surgery experience 
(i.e., number of cases performed, assisted, observed as camera operator, and observed only), and 
perceived ability in laparoscopic surgery and on laparoscopic simulators (i.e., on a 20-point 
Visual Analog Scale) that we have utilized previously.13 Mental skills use in practice (i.e., 
surgical simulation) and performance (i.e., performing hands on patient care) settings was 
assessed using the Test of Performance Strategies- Version 3 (TOPS-3).14 The TOPS-3 is a 68-
item self-report instrument where participants rate their use of various mental skills such as 
mental imagery, attentional control, energy management, automaticity, use of self-talk, 
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emotional control, goal setting, activation management (i.e., psyching up and relaxation 
techniques), and negative thinking  on a 5-point Likert scale. The TOPS-3 was modified by the 
study team for use with surgeons (i.e., providing surgery-specific contextual information on how 
to approach answering questions) with permission from the authors. Subscales representing each 
participants’ average use of mental skills in practice and performance situations can be extracted 
from the data and were done so to identify the predictive ability of specific mental skills. 
Additionally, mental imagery was assessed using the Mental Imagery Questionnaire 
(MIQ) and the Sports Imagery Questionnaire (SIQ). The MIQ is an 8-item self-report measure of 
all areas of mental imagery related to laparoscopic surgery including how well users are able to 
engage in kinesthetic and visual imagery, the perceived effectiveness of engaging in mental 
imagery prior to laparoscopic performance, and their confidence to carry out a laparoscopic 
procedure.15 Users rate each item on a 7-point Likert scale, ranging from 1 = “Not at all” to 7 = 
“Very”. The MIQ was developed for use with surgeons, and has been previously shown to have 
high reliability and face validity.15 The SIQ is a questionnaire widely used in the sport settings to 
assess an individual’s effective use of imagery, which was adapted by the study team for use 
with surgeons with permission from the authors.16 Thirty statements depicting the use of imagery 
are rated on a 7-point Likert scale indicating how frequently the person uses imagery in the 
manner described (i.e., rarely to often). The SIQ yields scores on five factors that are classified 
as either cognitive or motivational in nature. 
 Residents’ attentional selectivity was assessed with the D2 Test of Attention (D2), which 
is a written, timed test of selective attention.17 Users are asked to scan 14 lines with 47 of the 
letters “d” or “p” arranged with 1-4 dashes arranged above and/or below the letter, and are given 
20 seconds per line to cross out each letter “d” with 2 total dashes. Concentration performance is 
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the metric derived by subtracting the number of errors from the total number of correct possible 
items for each line and summing the cumulative total of each line, which reflects attentional 
selectivity. Participants’ state and trait anxiety was also assessed at baseline using the State-Trait 
Anxiety Inventory-Full Version (STAI-F).18 The STAI-F is the most widely used self-report 
measure of anxiety in adults, and consists of 40-total items on two subscales which relate to how 
one feels in the moment (i.e., state) and how one generally deals with stress (i.e., trait). 
Laparoscopic performance was assessed using the Fundamentals of Laparoscopic Surgery (FLS) 
peg transfer, pattern cut, and intracorporeal suturing tasks.19 Training 
Following baseline testing, residents participated in eight, 45-minute sessions of proficiency-
based laparoscopic skills training with coaching from experienced laparoscopic skills trainers 
over a period of approximately three to four months. These sessions aimed to train residents in 
peg transfer, pattern cut, and intracorporeal suturing. During these sessions, participants were 
coached on how to optimize their laparoscopic performance and instructed to attain the FLS 
proficiency guidelines for the aforementioned tasks,19 which included: moving all pegs from 
starting position to the opposite side of the board and back in 48 seconds or less on two 
consecutive repetitions and ten additional non-consecutive repetitions for peg transfer, removing 
the demarcated circle from the gauze pad with no cuts deviating from two millimeters of the 
demarcated line in 98 seconds or less on two consecutive repetitions for pattern cut, and 
completing intracorporeal suturing repetitions without errors in accuracy or knot security in 112 
seconds or less on two consecutive repetitions and ten additional nonconsecutive repetitions. Due 
to logistical constraints, if residents were unable to achieve proficiency at the various tasks in a 
certain amount of time (i.e., up to two sessions for peg transfer and pattern cut, and 
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intracorporeal suturing by the end of the eighth session), they were asked to proceed to the next 
task or allowed to participate in the transfer test. 
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Transfer test 
Following training, residents participated in a transfer test of suturing skill on a live porcine 
model. The porcine model’s fundus was prepared for testing including the placement of two 
targets for participants’ placement of the suture. The preparation of the model has been detailed 
extensively elsewhere.8 Participants were instructed to place three intracorporeal gastrogastric 
sutures on the porcine model’s fundus using the same simulator-acquired technique and 
instrumentation as the FLS intracorporeal suturing task. However, unlike training, an attending 
surgeon drove the laparoscope and the operating room setup mimicked the human operating 
room (e.g., a 30° laparoscope was used, with a laparoscopic tower setup, the porcine model was 
hooked up to a ventilator, and heart rate alarm sounds were audible). Suturing performance was 
evaluated utilizing a previously published formula: Performance Score = 600 – Time to complete 
repetition (in seconds) – [10 x mm outside target area] – [100 x errors in knot security (0 = 
secure knot, 1 = partial slip, 2 = complete knot failure)].6-8  
 To assess participant stress during the transfer test, their physiological and perceived 
stress were measured. Physiological stress was assessed by capturing average heart rate (HR) and 
heart rate variability (HRV) with Polar H7 chest straps (Polar H7 HR monitor, Polar Electro Inc., 
Lake Success, NY) and the Elite HRV smart phone application (Elite HRV LLC). Perceived 
stress was assessed with the 6-item version of the STAI, which evaluates one’s perception of 
their stress at a particular moment in time.20 
Statistical Analyses 
Several multiple linear regressions with robust standard errors were performed, controlling for 
(i.e., also called holding the effect of other covariates fixed, ceteris paribus) race, age, gender, 
handedness, and number of training repetitions to consecutively assess the relationship between 
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all baseline/post-test factors and transfer test suturing performance. In general, we predicted the 
transfer test suturing performance score using the following multivariable model: 
 = 	 + 	
 +  +  +  +  + 	   
Where, in each multivariable model i was consecutively automaticity, perceived ability in 
laparoscopic surgery, perceived ability on simulators, attentional selectivity, intracorporeal 
suturing performance, experience on simulators, and number of laparoscopic cases. If we hold all 
other covariates fixed (i.e., ceteris paribus), then the coefficient of the predictor variable tells us 
its effect on the dependent variable. An alternative to the multivariable method, which gives us 
the same estimate as above, is the use of a “Partialling Out” approach where we regress  on the 
residuals of the regression of 
 on the covariates thus allowing us to estimate the effect of 
 on 
 after the effect of all covariates on 
 has been “netted out” or “partialled out”.  Training 
duration was not accounted for in baseline models. 
We also assessed the assumptions of multiple linear regressions: normality using 
Shapiro-Wilk W test and constant variance of the error terms using Cameron & Trivedi’s 
decomposition of IM-test.21-23 If there was any indication of the violation of these assumptions, 
we used non-parametric bootstrapping methods to report the 95% confidence interval and the p-
value. In each consecutive multivariable model multicollinearity was also assessed using 
variance inflation factor for all the independent variables.24 The estimates from the multivariable 
analysis for each variable of interest in terms of change in transfer tests suturing performance 
score are reported as: coefficient ([95% confidence interval], p-values). Paired t-tests were 
performed to assess any differences in significant predictor variables from baseline to post-test, 
and increases in stress from resting to transfer test performance. For all analyses, a p-value of 
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<0.05 was considered significant. Data was analyzed with Stata/SE 14.2 statistical software 
(StataCorp. 2015. Stata Statistical Software: Release 14. College Station, TX). 
Results 
Data from 38 residents was analyzed. The average age of the participating residents was 29.7 ± 
3.7 years, there were 50% women, 73.7% general surgery residents, and the average post-
graduate year of the participants was 2.1 ± 1.1 (Table 1). There was a significant increase in 
STAI-6 scores (10.9 vs. 13.3, p < 0.001) and HR (82.1 vs. 103.5, p < 0.001), and a significant 
decrease in HRV (53.5 vs. 42.0, p < 0.001) between resting and transfer test performance.  
 The results of the multiple linear regression revealed that ability to achieve automaticity 
during performance (i.e., assessed with the TOPS-3), perceived ability in laparoscopic surgery 
and on laparoscopic simulators, and attentional selectivity predicted transfer test suturing 
performance (Table 2). No other baseline factors predicted transfer test suturing performance. 
Regarding post-test results, only perceived ability in laparoscopic surgery and on simulators, and 
post-test suturing performance were significant predictors of transfer test suturing performance.   
Discussion 
In the current study, surgery residents’ perceived ability to achieve automaticity at baseline, 
baseline attentional control, perceived ability in laparoscopic surgery and on simulators at 
baseline and post-test, and post-test suturing performance were predictive of skill transfer from 
the simulation laboratory to a stressful simulated clinical environment.  
Unsurprisingly, participants’ suturing performance on the simulator after training was predictive 
of suturing performance during the suturing transfer test. However, participants’ baseline ability 
to achieve automaticity as assessed by the TOPS-3 instrument was the strongest predictor of skill 
transfer. Automaticity refers to one’s ability to perform a task automatically without significant 
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demands on one’s attentional resources required to execute the movements, and is a known 
characteristic of expertise and has been previously shown to improve transfer of simulator-
acquired laparoscopic skill to the clinical environment.13,25,26 The results of the present study 
support this finding, and suggest that trainee automaticity should not only be evaluated as an 
additional metric of laparoscopic surgical performance but also be used as a training goal as 
previously proposed.11  However, there may be additional factors related to automaticity that 
could impact learners’ transfer of simulator-acquired skill that need to be considered.  
 Reinvestment theory posits that if a performer experiences heightened stress, 
automaticity processes can become disrupted.27,28 When automaticity is disrupted, some 
performers are prone to “reinvest” their attention on their movement, where they consciously 
think about movement execution, which can ultimately lead to performance failure. Researchers 
have found that in spite of achieving proficiency on the FLS peg transfer task on simulators, 
heightened stress during a performance test led students prone to reinvestment of attention to 
experience greater performance deteriorations than students with low propensity for 
reinvestment.29 Thus, reinvestment may be a factor that moderates surgical trainees’ performance 
under heightened stress. Future studies investigating the relationship between automaticity and 
surgical performance should also consider trainees’ propensity for reinvestment to help explain 
performance deterioration under heightened stress.   
The findings from this study also support the use of the relevant TOPS subscale for the 
assessment of this skill. Specific items from the TOPS-3 assessing automaticity during 
performance include: “I can allow the whole skill or movement to happen naturally in a 
procedure without concentrating on each part”, “I am able to perform skills in a procedure 
without having to consciously think about them”, “In a procedure, I am sufficiently prepared to 
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be able to perform on automatic pilot”, and “I am able to trust my body to perform skills in a 
procedure”. 
Interestingly, resident’s self-perceived ability with laparoscopy and simulators, which is 
reflective of self-efficacy, was also predictive of skill transfer but their prior clinical experience 
was not. Self-efficacy refers to one’s belief in their capabilities to perform at a given 
performance standard and exert control over their choices, aspirations, effort, and engagement in 
a task, how long they persevere at a task in the face of challenge, the amount of stress they 
experience when coping with taxing environmental conditions, and whether their thoughts are 
helpful or disabling to their performance.30-32 Bandura31 suggested that there are four primary 
antecedents of self-efficacy, which include: mastery experiences, verbal persuasion, 
physiological arousal, and vicarious experiences. Mastery experiences may be the most 
important source of information that individuals use to formulate their self-efficacy, but these 
experiences are not inherently developmental, rather, one needs to perceive that they are 
performing competently to facilitate increased self-efficacy. Thus, the resident’s reported self-
efficacy to perform laparoscopy may be more salient to performance than previous experience 
alone as it is also associated with increased self-confidence and ability to regulate one’s practice 
and performance engagement. Therefore, while prior experience with laparoscopy and simulators 
was not significantly predictive of simulation-acquired skill transfer, higher perceived ability in 
these domains was.  
Attentional selectivity (i.e., as assessed with the D2 test of attention) was also identified 
as a key element of residents’ transfer of simulator-acquired skill to the clinical environment. 
This finding is congruent with previous research that has identified the ability to maintain 
selective attention and ignore distractions as an important characteristic of expert surgical 
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performance.33 Indeed, there are numerous potential distractions in the operating room 
environment that compete for surgeons’ attention, and a surgeon’s ability to attend to task-
relevant stimuli is paramount to safe and effective surgical performance. Therefore, 
implementing strategies that enhance trainee’s abilities to focus their attention and block out 
distractions may be valuable and should be considered during skills curricula design.  
However, it is interesting to note that in spite of the observed relationship between 
attentional selectivity assessed by the D2 and transfer test performance, there was not a 
significant relationship between the TOPS-3 attentional control subscales and transfer test 
performance. We hypothesize that the global nature of the TOPS-3 (i.e., rating the frequency at 
which respondents use mental skills generally during practice and performance) may capture 
user’s attention management generally, whereas the D2 assesses attentional selectivity, 
specifically. Thus, we feel that these instruments capture different aspects of attention. The 
identified predictors in this study can be useful to educators for skill assessment purposes and 
skills curriculum design. The identification of low scores in the domains of automaticity and 
attentional selectivity may indicate the need for additional training or increased emphasis of 
tasks that enhance these skills. In regards to self-efficacy, we recommend that surgical educators 
supplement skills training by regularly assessing residents’ self-efficacy in addition to measures 
of technical proficiency to ensure “readiness”. This is a more resource-intensive approach to 
resident training, but by assessing residents’ self-efficacy to perform skills proficiently, 
individualized training can be better prescribed to ensure residents feel competent to perform 
specific skills. 
Interestingly, we did not observe the ability of additional mental skills (i.e., aside from 
attentional selectivity and automaticity) to predict transfer test performance. We hypothesized 
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that other mental skills, specifically mental imagery, would predict transfer test performance. In 
a recent systematic review on the application of mental skills in surgery, we found that several 
studies reported benefits of mental imagery use to skill acquisition and performance.10 Since 
these studies implemented mental imagery-specific training interventions, they taught learners 
how to effectively utilize mental imagery for surgical performance. In the present study, we only 
assessed learners’ use of mental imagery for surgical practice and performance, so it is possible 
that participants utilized these skills ineffectively or improperly which ultimately limited their 
impact on their performance. Furthermore, even though other mental skills like goal setting and 
relaxation strategies have shown benefits to performance when applied in other domains,32 their 
use by the present study group did not predict transfer test performance. It is possible that in spite 
of the frequency of their use, participants’ use of these and other mental skills may have been 
inadequate to truly benefit transfer test performance. Further study is needed to identify 
additional assessments related to the quality of learners’ mental skills use in practice and 
performance settings to investigate this hypothesis. 
 One of the limitations of this study is the reliance on self-report assessment tools that 
introduce bias. Nevertheless, each instrument used was rigorously selected based on their known 
psychometric properties and utilization with high-performers within and outside of surgery. Data 
in the present study were also gathered from learners at two institutions, which may have 
introduced the risk for protocol consistency. However, the principal investigator and study 
coordinator were involved in all testing and training sessions at both institutions, and data 
gathering methodology followed a detailed protocol to ensure consistency across study sites. The 
findings from the study were obtained using parametric and non-parametric bootstrap 
multivariable regression analyses as appropriate. However, given the small sample of the 
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residents in this study we recommend a future study involving more residents to substantiate 
these findings. 
Conclusions 
In conclusion, findings from this study indicate ability to achieve automaticity in performance, 
perceived ability in laparoscopic surgery and on laparoscopic simulators, and attentional 
selectivity, were significant predictors of simulator-acquired surgical skill transfer to the clinical 
environment. Assessing trainees’ automaticity and attentional selectivity may help surgical 
educators identify residents who need additional training and develop more targeted 
interventions to enhance these domains, and ultimately, skill transfer. Also, in addition to 
technical skills assessments, regularly assessing trainees’ self-efficacy to perform surgical skills 
may enable trainees to develop more skill-appropriate self-efficacy. This may help educators 
identify any “blind spots” in trainees’ perceived ability and help them better align self-efficacy 
with technical skill.  
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Table 1: Characteristics of the study sample  
Characteristics In sample (n=38) p-value 
Race (n ,%)    
Non-white 13 (34.21)  
White 21 (55.26)  
No information 4 (10.53)  
Age (mean, SD) 29.66 (3.71)  
Handedness (n ,%)    
Right 34 (89.47)  
Left 2 (5.26)  
Ambidextrous 2 (5.26)  
Gender (n ,%)    
Male 19 (50.00)  
Female 19 (50.00)  
# training repetitions (mean, SD) 29.37 (8.17)  
Trainee characteristics of interest at baseline and 
posttest  
 
Autuomaticity in Performance (mean,SD)    
Baseline 2.87 (0.59) 0.0037 
Posttest 3.15 (0.60)  
Perceived Ability in Laparoscopic Surgery (mean,SD)    
Baseline 6.68 (3.89) <0.001 
Posttest 10.29 (3.22)  
Perceived Ability on Simulators (mean,SD)    
Baseline 7.92 (3.92) 0.0002 
Posttest 10.58 (3.43)  
Attentional Selectivity (mean,SD)    
Baseline 223.16 (40.04) <0.001 
Posttest 244.24 (34.37)  
Intracorporeal Suturing Performance (mean,SD)    
Baseline 157.54 (151.34) <0.001 
Posttest 355.16 (133.95)  
Experience on Simulators (mean,SD)    
Baseline 8.93 (11.32)  
# Laparoscopic Cases (mean,SD)    
Baseline 20.21 (27.25)  
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Table 2: Multivariable analyses of the factors at baseline and post-test predicting transfer test performance  
Factors# Baseline Posttest 
Coefficient 95% CI p-value Coefficient 95% CI p-value 
Automaticity in Performance 83.55 [15.57, 151.53] 0.018 27.09 [-72.79, 126.97]* 0.595 
Perceived Ability in Laparoscopic 
Surgery 16.11 [5.90, 26.32] 0.003 15.68 [4.47, 26.90] 0.008 
Perceived Ability on Simulators 15.05 [4.96, 25.15] 0.005 14.07 [3.31, 24.82] 0.012 
Attentional Selectivity 1.37 [0.33, 2.42] 0.012 1.18 [-0.21, 2.57] 0.093 
Intracorporeal Suturing 
Performance 0.3 [-0.05, 0.65] 0.092 0.35 [0.09, 0.60] 0.009 
Experience on Simulators 2.83 [-0.42, 6.07] 0.085 
   # Laparoscopic Cases 1.14 [-0.12, 2.40] 0.075 
   
*Boot-strap standard error and 95% CI for non-parametric regression 
# Each factor was consecutively used in separate multivariable models after adjusting for the effect of age, race, sex, 
and handedness. In addition, for the posttest models we also controlled for the number of training repetitions 
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Figure 1. Study Algorithm 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Baseline Testing 
FLS Peg Transfer, Pattern Cut, Intracorporeal Suturing 
Test of Performance Strategies- Version 3 (TOPS-3) 
D2 Test of Attention (D2) 
Mental Imagery Questionnaire (MIQ) 
Sport Imagery Questionnaire (SIQ) 
State-Trait Anxiety Inventory- Full Version (STAI-F) 
 
FLS Training  
8 sessions 
2- Peg Transfer 
2- Pattern Cut 
4- Intracorporeal Suturing 
Transfer Test- Porcine Nissen Model 
Intracorporeal Suturing Performance 
State-Trait Anxiety Inventory Short Version (STAI-6) 
Average Heart Rate (HR) 
Heart Rate Variability (HRV) 
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Highlights 
• Automaticity and attentional selectivity predict the transfer of skill
• Perceived ability in laparoscopic surgery was predictive of skill transfer
• Perceived ability on laparoscopic simulators was predictive of skill transfer
• Focusing on these factors may facilitate more complete skill transfer for trainees
